The binding sites of wheat germ RNA polymerase II were mapped on the cloned CaMV genome by observation of enzyme-linear DNA complexes by electron microscopy. Twelve sites are observed. Three of them are relatively stable in the presence of heparin and are found at positions8-9, 21-23, and 41-44 map units on the physical map of the genome. These positions correspond to ATrich regions of the viral genome which contain potential promoter sites. These results are discussed with reference to current information on the structure and expression of the CaMV genome.
INTRODUCTION
In previous studies (1, 2), we have used the DNA of Cauliflower mosaic virus (CaMV) as a template for investigating the mode of action of wheat germ RNA polymerases. This virus, with a small double-stranded DNA genome of 5x10 daltons, is considered as one of the best models available for the study of gene expression in higher plants and has also been proposed as a potential plant gene vector (3, 4 ) . Its DNA is somewhat unusual in having three specifically-located single-strand interruptions, two in one strand, and one in the other (5) . In vivo, only the strand with one break is transcribed (6) but, while several transcripts have been identified (6, 7 ) , no transcription origin has yet been localised with certainty. Recently, the complete sequence of the genome of one isolate of CaMV has been established (8) .
RNA polymerase II has been implicated in the "in vivo" transcription of CaMV (9) . We have previously shown that wheat germ RNA polymerase II transcribes CaMV DNA even under stringent conditions, i.e. in the presence of heparin (1, 2) . Similar observations have been made using various inhibitors of reinitiation, heparin, rifamycin AF/013 and polyinosinic acid (10, 11) , on different templates, SV 40 and Adenovirus 2 DNA. This property of wheat germ enzyme II distinguishes it from class II enzymes from other sources. It has been suggested that complexes formed by this enzyme under restrictive conditions may resemble "rapid start" complexes formed by Escherichia coli holoen-zyme under similar conditions at sites at which transcription is initiated "in vivo" (11) .
In a few cases, the sites of binary complexe formation by the wheat germ enzyme on various heterologous templates in the absence of inhibitors have been mapped (11, 12) . SEIDMAN et al. (11) have reported that these complexes are formed at or near sites at which transcription is initiated "in vivo". However, recent evidence suggest that transcription observed in the presence of heparin does not reflect initiation at specific sites, but rather at single-strand breaks (13, 14, 15) . Our previous experiments (2) support this conclusion, a region of the CaMV genome adjacent to one of the singlestrand interruptions being preferentially transcribed in the presence of heparin.
These observations prompted us to investigate the ability of wheat germ RNA polymerase II to form binary complexes on a DNA molecule free of single-strand breaks by using cloned CaMV DNA. We show that the enzyme forms binary complexes at several sites on the linearised template. Those formed at three of these sites are relatively resistant to the action of heparin and are located in regions of the genome which are AT-rich and contain potential promoter sites.
MATERIALS AND METHODS.
Cloning of CaMV DNA. The DNA of CaMV isolate Cabb. B-JI (16) was cut at its unique Sal I site and was cloned in the Sal I site of plasmid pAT 153 (17) . One of the hybrid plasmids, pMD 125, containing a full length genome, was selected and used in the experiments described in this paper. A detailed characterisation of this plasmid will be published in a separate report (DEL-SENY and HULL, manuscript in preparation). It is worth mentioning that the cloned DNA has conserved all the restriction sites for 15 different restriction enzymes and has been shown to be infectious when inoculated onto turnips. Therefore, this cloned DNA is a faithful copy of the viral DNA. It should be emphasised that the hybrid plasmid pMD 125 no longer has the single-strand breaks which are characteristic of the native viral DNA (18) . Recombinant plasmid pMD 125 DNA was prepared essentially as described by BOLIVAR and BACK-
MAN (19).
Digestion by restriction endonucleases. The digestion of pMD 125 DNA by Sal I (Sigma) or by Sal I and Xho I (B.R.L.) was carried out for 1 hr at 37°C in lOOmM Tris-HCl pH 7.5,5OmM NaCl and 10 mM MgCl (Eco R I buffer)using 3-5 units of enzyme for lvigof DNA. Digestion was stopped by adding EDTA to 10mM. The DNA was extracted three times with phenol saturated with Eco R I buffer made 10 mM in EDTA, and then twice with ether. The aqueous phase was dialysed against 10 mM Tris-HCl pH 7.5, 1 mM EDTA for 2 hrs at 0°C, stored at -20°C and used directly in polymerase binding experiments.
It has recently been suggested that certain restriction enzymes can introduce single-strand nicks into a DNA molecule (15) . We have tested the possibility that Sal I introduces such nicks at specific sites on the CaMV template, which could subsequently serve as binding sites for the wheat germ polymerase. Sal I-digested pMD 125 DNA was denatured and the fragments separated by electrophoresis on a 1,4% agarose gel. Only two bands, corresponding to pAT 153 and CaMV DNA molecules are visible. To ensure that nicks are not even introduced into a small fraction of molecules, we transferred the denatured DNA to a nitrocellulose filter (20) and hybridised this with CaMV DNA labelled to high specific activity by nick translation (21) . This DNA hybridises to only one band of 2,5x10 daltons corresponding to linear single- than 400 electron micrographs,as illustrated in figure 2,using pAT 153 (3740 base pairs) as standard (17) .The mean size of CaMV DNA molecules was 2.56 ^m i 0.1 urn corresponding to about 8000 base pairs.In electron microscopy, the longer Xho I CaMV DNA fragment was easily distinguishable from both pAT 153 and the smaller CaMV DNA fragment.The longer fragment was 1.53 um i 0.1 um corresponding to about 4800 base pairs.This fragment was used for the absolute orientation of the CaMV DNA molecule in our studies of wheat germ RNA polymerase II binding sites on the linearised cloned CaMV DNA.
Electron microscopic mapping of wheat germ RNA polymerase II binding sites on linear CaMV DNA.
Wheat germ RNA polymerase II was incubated with Sal I digested pMD 125 as described in Materials and Methods.At an enzyme to DNA molar ratio of 2:1,nearly 60% of CaMV DNA molecules contained one to four bound enzymes,as figure 4C .The similarity of the computer-generated histograms suggests that the location of the peaks are qualitatively correct.
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